A bstract. The effect of exogenous growth regulators on movement of assimilates into flowers and young fruits of 'Black Corinth' grapes was studied. Clusters were treated with growth regulator and after 0.5 hr to 5 davs the leaves above the clusters were exposed to 14CO. Control shoots received 14CO9 but no growth regulator. At harvest, counting and radioautographic techniques were used to ascertain amount and distribution of activity in clusters. Clusters were dipped in 4-CPA (4-chlorophenoxyacetic acid), GA3 (gibberellic acid), or BA (benzyladenine). All berries were heavier than controls within 3 days. Total counts in the fruits were increased by 4-CPA, and the distribution of radioactivity among the sugar, organic acid, and amino acid fractions was usually altered by all treatments. In a time series experiment, within 6 hr after treatment of fruits with GA3 there was almost an 8-fold increase in total counts relative to the control. After 12 hr there was about a 9-fold and 6-fold increase in counts in tartaric and malic acids, respectively, and in y-aminobutyric acid, pipecolic acid, and valine increases of 56, 150, and 330 ters at the late bloom or early fruit-set stage were used. One cluster per shoot was retained and all clusters were trimmed to about the same size. Clusters or portions of clusters were dipped momentarilv in soluitions of 6 X 10-5 M gibberellic acid (GA3), 1.3 X 10-4 M of the auxin 4-chlorophenoxyacetic acid (4-CPA), or 8.9 X 10-3 M of the cytokinin benzvladenine (BA), using B-1956 at 0.05 % as a wetting agent. These concentrations of growth regulators were utilized because they had been previously shown to cause a large increase in size of 'Black Corinth' flowers and fruits (16, 18, 19) . Two shoots were utilized per vine, and in all instances the same treatment was made to these 2 shoots on a given vine. Previous research revealed there is little or no movement of growth regulator out of a cluster, as they are importing photosynthate and olher compounds (17, 18) . Treatments were made between 8:00 and 9:00 AM. After a time interval ranging from 0.5 hr to 5 days the leaf immediately ibove and on the same side of the stem as the cluster was treated with 14CO2 for 30 min. A plastic bag was placed around the leaf to be treated.
It is well known that cytokinins are strong mobilizing agents, and that a drop of cytokinin on a leaf can attract such substances as amino acids from adjacent, untreated tissue (10) . Shindy and Weaver (15) recently have shown that auxin and gibberellin also induce mobilization and concomitant alteration of tran-slocation patterns in shoots of grapevines. Little work has been done concerning the effect of exogenous growth regulating agents on movement of elaborated food materials into fruits.
However, it is well known that gibberellins (18) , the auxin 4-chlorophenoxyacetic acid (16) and to a lesser extent the cytokinins (19) This woutld suggest that these growth regulators enhance the mobilizing power of flowers and fruits. and stimulated initiation of the research presented in this paper.
Materials and Methods
The plants were growing in a vineyard at the University of California at Davis. Shoots of mature 'Black Corinth' plants (Vitis vinifera L.) with clus- 1 This workl was supported in part by N-SF Grant ters at the late bloom or early fruit-set stage were used. One cluster per shoot was retained and all clusters were trimmed to about the same size. Clusters or portions of clusters were dipped momentarilv in soluitions of 6 X 10-5 M gibberellic acid (GA3), 1 .3 X 10-4 M of the auxin 4-chlorophenoxyacetic acid (4-CPA), or 8.9 X 10-3 M of the cytokinin benzvladenine (BA), using B-1956 at 0.05 % as a wetting agent. These concentrations of growth regulators were utilized because they had been previously shown to cause a large increase in size of 'Black Corinth' flowers and fruits (16, 18, 19) . Two shoots were utilized per vine, and in all instances the same treatment was made to these 2 shoots on a given vine. Previous research revealed there is little or no movement of growth regulator out of a cluster, as they are importing photosynthate and olher compounds (17, 18) . Treatments were made between 8:00 and 9:00 AM. After a time interval ranging from 0.5 hr to 5 days the leaf immediately ibove and on the same side of the stem as the cluster was treated with 14CO2 for 30 min. A plastic bag was placed around the leaf to be treated.
-nd a measured volume of air (10-20 ml) containing 14CO2 was injected into the bag with a 1 00-ml hypodermic syringe.
The source of the 14CO., was a plastic bag in w%hich was a capped vial containing lactic acid and radioactive barium carbonate (4). Carbon-14-labeled baritum carbonate with an .ctivitv of 0.129 183 mc/mg was used at a rate of 0.4 mg per leaif. The open part of the plastic bag was wrapped tightly arotund a rubber cork through which a glass tube, with a soft rubber cap on the outer end, was inserted (Leonard, private communication). Air was evacuated from the bag with a 100-ml hypodermic syringe A given volume of air ( usually 200 ml) then was injected into the bag with the syringe, after which the cap was removed from the vial to release the 14CO". With this method a large number of leaves could be rapidly treated. After injection of the i4CO2, the hole in the bag was covered withl masking tape.
Clusters were harvested and weighed 6 hr after the beginning of exposure to 14CO0. Then 25 berries from each cluster were weighed and the fresh and dry weights usually obtained. The remainder of the cluster was cut up and placed in hlot 80 % ethanol for 30 min (6) . The procedures for separating the amino acid, organic acid, and sugar fractions, and for determination of radioactivit, haive been previously described (7) . Some slhoots were mounted for radioautography according to the miiethod of Yamaguchi and Crafts (21 Within 6 hr after treatment there was an almost 8-fold increase in total counts in GA3-treated berries relative to the control (fig 1) . After 12 hr there was about 4 times as many counts. At 24 and 48 hr after treatment there were fewer counts in the treated clusters than in the control, but at the fruit sampling after 96 hr there were few counts in the controls while counts in treated clusters remained high.
In the control the highest counts were usually in the sugar fraction and the lowest in the amino acid fraction (fig 2a) . In the gibberellin-treated clusters, there were sharp peaks 12 hr after treatment in sugar and organic acid fractions, although the amino acid was low throughout the course of the experiment as it was for the control (fig 2b) .
Twelve hr after treatment 100 .l of each extract were spotted and chromatographed on paper to deter-mine the activity in the various constituents. Radioactivity in fructose was increased in GA3-treated clusters, but the counts in the sucrose and glucose were not significantly increased (fig 3) . Gibberellin resulted in about a 9-and 6-fold increase in activity in tartaric and malic acids, respectively, over that of the controls (fig 4) There was a very significant increase in couints in the dipped portion of the cluster as compared to counts in the undipped part (table III) . However. the undipped basal portion of the cluster also had a great increase in counts relative to the control. In the apical portion the greatest increase was in the amino acid fraction.
In all instances where radioautographs were made the results were in agreement with those obtained by counting.
Discussion
Hormonal control of translocation of photosyntheticallv assimilated 14C has been demonstrated in soybean (5) and in grape shoots (15). Similar results have been obtained with detached corn (Zea mays L.) leaves (11, 12) and detached Victorv oat (Avena sativa) leaves (3) , by the use of radioactive glycine and 32p, respectively. Little such work has been done with flowers or fruits. However, Kriedemann (9) recently has shown that the application of kinetin to a voung fruit of orange cv. Washington Navel enhances its ability to import photosvnthetic assimilates.
Application of growth regulator to flowsers and fruits of 'Black Corinth' grapes usually resulted in a rapid increase in fresh and dry weight of berries. This result is in agreement with that obtained by Sachs and Weaver (13) , who demonstrated that gi,bberellin and 4-chlorophenoxyacetic acid increased both fresh and dry weights of 'Black Corinth' berries within 24 hr after treatment.
In our study, application of GA., to fruits usually rapidly increased the rate and amount of movement of assimilates into the grape berries. Our data support the suggestion that the role of hormones in fruit development may be to mobilize elaborated food materials (2) . However this suggestion does not explain why various growth regulators produce grape berries of different shapes (13 Amino acids remained at a low level in both untreated and treated fruits, and there were low peaks in both 24 hr after the start of the experiment. Kliewer (8) found that amino acids are translocated in large amounts mainly as fruits approach ripeness, and that movement is low at earlier stages. Kliewer and Nassar (uin-published data) investigated the relative amount of activity in various free amino acids that wvere translocated to fruits from leaves treated with 14CO.. Thev found that a-alanine.
serine. and y-aminobutyric acid were the most prominently labeled amino acids in immature fruit clusters, an indication that these compounds mav be the principal amino acids translocated to immature berries. The data in figure 5 indicate that these amino acids plus pipecolic acid and valine from GA3-treated fruits contained significantly greater amounts of label than did the control fruits.
The sum of the counts of the individual organic acids exceeded the total count of the organic acid fraction. This can be explained by the fact that there is less quenching with the individual acid samples separated by chromatograplhy than with the whole fraction containing all the acids.
The mechanism of mobilization is. not known. Zaerr and Mitchell (22) (uinpuiblished data) showed that there were detectable increases in the concentrations of RNA and DNA within 1 hr after treatment of grape flowers or berries with GA3 or 4-CPA. The time curves for changes in the concentrations were about the samiie as we found for I 4C entering the berry after treatment with GA. Large increases in the levels of RNA and DNA generally are followed by increases in cell number. The process of cell multiplication mlay account for the increases of '4C label entering the GA,-treated fruits due to greater demand for metaholites.
Went (20) suggested that the role of auxin in the correlative inhibition of lateral buds may be to stimulate the translocationi of nutrienits to imieristematic regions. Strong mobilizing regions in grapes are shoot tips and young, rapidly growing fruits. weaker ones are camiibium, lateral buds, and tendrils (4). These regions are also generally hiigh in growth hormones. This lends support to the idea that hormones are intimately involved in mobilization phenomena. Booth et al. (1) decapitated lplants of Solanum andigena in the first fully extended internode and treated the cut surface wvith laniolin or with lanolin containing indole-3-acetic acid.
When radioactive '4C-sucrose was applied to the third or fourth matuire leaves, there was a much greater accumulation of radioactivity in the stumps of the uppermost internodes of decapitated plants treated with indole-3-acetic acid than in those sup-)lied onlyv with lanolin. Subsequently Seth and Wareing (14) , using the same sy-stem but with decapitated peas and bieans, showed that kinetin and gibberellic acid alone have little effect on phloem transport, but when applied in conjunctioin w ith indoleacetic acid, thev markedly enhance th,e effect of the latter.
Dipping 'Black Corin3th' clusters in gibberellin attracted more assimilates to berries O13 shoots unsprayed than to berries on shoots sprayed with gibberellin. This can be explained by the fact that gibberellin enhances the mobilizing power of shoots, so that much 14C from the treated leaf was divierted awvay from the cluster (15).
In the experiment wvith 3 growth-r-egulators. only the 4-CPA markedly increased radioactivity in the ethanol fruit extracts 3 days after treatment. Soleiniani, Kliewer. and WVeaver (unpublished data) showed that the DNA, RNA. and protein concentrations of 'Black Corinth' fruits increased considerably during the first 24 hr after treatmient with GAp, or 4-CPA, but that there was little difference after 48 hr. However, the 4-CPA, GA,. (and benzvladenine all altered the percentage of 14C ill the different fractions. Perhaps each grow tlh-regtulator affects differently the phloem translocatioll of various sugars, orgainic acids, and amino acidss.
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